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CURED PERFLUOROELASTOMER ARTICLE

FIELD OF THE INVENTION

This invention relates to cured perfluoroelastomer articles,
and in particular to cured perfluoroelastomer articles com-
prising more than 50 parts by weight barium sulfate per
hundred parts by weight perfluoroelastomer.

BACKGROUND OF THE INVENTION

Perfluoroelastomer articles have achieved outstanding
commercial success and are used in a wide variety of appli-
cations in which severe environments are encountered, in
particular those end uses where exposure to high tempera-
tures and aggressive chemicals occurs. For example, these
articles are often used in seals for aircraft engines, in oil-well
drilling devices, and in sealing elements for industrial equip-
ment that operates at high temperatures.

The outstanding properties of perfluoroelastomer articles
are largely attributable to the stability and inertness of the
copolymerized perfluorinated monomer units that make up
the major portion of the polymer backbones in these articles.
Such monomers include tetrafluoroethylene and perfluoro
(alkyl vinyl) ethers. In order to develop elastomeric properties
fully, perfluoroelastomer polymers are cured, i.e. crosslinked.
To this end, a small percentage of cure site monomer is
copolymerized with the perfluorinated monomer units. Cure
site monomers containing at least one nitrile group, for
example perfluoro-8-cyano-5-methyl-3,6-dioxa-1-octene,
are especially preferred. Such compositions are described in
U.S. Pat. Nos. 4,281,092; 4,394,489; 5,789,489; and 5,789,
509.

Perfluoroelastomer articles that are employed in high tem-
perature environments (i.e. >250° C.) can break or split and
may also become sticky.

It would be an improvement to have cured perfluoroelas-
tomer elastomer articles that are resistant to breaking or split-
ting and to becoming sticky at high temperature.

SUMMARY OF THE INVENTION

It has been surprisingly discovered that cured perfluo-
roelastomer articles that contain a high level of BaSO, are
resistant to splitting and becoming sticky at high temperature,
while maintaining good compression set.

Accordingly, an aspect of the present invention is directed
to a cured perfluoroelastomer article comprising

A) a perfluoroelastomer comprising copolymerized units

of'1) 15 to 60 mole percent perfluoro(alkyl vinyl ether),
i1) 0.1 to 5 mole percent of a cure site monomer and the
remaining copolymerized units being of iii) tetrafluoro-
ethylene so that total mole percent is 100; and

B) greater than 50 parts by weight, per hundred parts by

weight perfluoroelastomer, of BaSO,.

DETAILED DESCRIPTION OF THE INVENTION

The perfluoroelastomers employed in the cured articles of
the present invention are capable of undergoing crosslinking
reactions (i.e. curing) with any of the common curatives for
perfluoroelastomers such as, but not limited to organotin
(U.S. Pat. No. 5,789,489), bis(aminophenols) such as diami-
nobisphenol AF (U.S. Pat. No. 6,211,319 B1), aromatic tet-
raamines such as 3,3'-diaminobenzidene, ammonia generat-
ing compounds such as urea and other compounds (U.S. Pat.
No. 6,281,296 and WO 01/27194), guanidines (U.S. Pat. No.
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6,638,999) and amidines (U.S. Pat. No. 6,846,880 and U.S.
Patent Publication 20070027260).

Perfluoroelastomers which may be employed in this inven-
tion are based on copolymerized units of tetrafluoroethylene
(TFE), a perfluoro(alkyl vinyl ether) (PAVE) and a cure site
monomer that contains nitrile groups.

Suitable perfluoro(alkyl vinyl ethers) include, but are not
limited to those of the formula

CF,—=CFO(R,0),(RO0), R, @

where R, and R, are different linear or branched perfluoro-
alkylene groups of 2-6 carbon atoms, m and n are indepen-
dently 0-10, and R, is a perfluoroalkyl group of 1-6 carbon
atoms.

A preferred class of perfluoro(alkyl vinyl) ethers includes
compositions of the formula

CF,=CFO(CF,CFXO0),R, (ID

where X is F or CF3, nis 0-5, and R is a perfluoroalkyl group
of 1-6 carbon atoms.

A most preferred class of perfluoro(alkyl vinyl) ethers
includes those ethers wherein n is 0 or 1 and R contains 1-3
carbon atoms. Examples of such perfluorinated ethers include
perfluoro(methyl vinyl) ether and perfluoro(propyl vinyl)
ether. Other useful ethers include compounds of the formula

CF,—CFO[(CF,),,CF,CFZO],R - (I

where R is a perfluoroalkyl group having 1-6 carbon atoms,
m=0 or 1, n=0-5, and Z—F or CF;. Preferred members of this
class are those in which R,is 0;F,, m=0, and n=1.

Additional perfluoro(alkyl vinyl) ether monomers include
compounds of the formula

CF,—CFO[(CF,CFCF;0),(CF,CF,CF,0),,(CF,),]

CiFannt av)

where m and n=0-10, p=0-3, and x=1-5. Preferred members
of this class include compounds where n=0-1, m=0-1, and
x=1.

Other useful perfluoro(alkyl vinyl ethers) include

CF,—CFOCF,CF(CF4)0(CF,0),,C,F>,.. )

where n=1-5, m=1-3, and where, preferably, n=1.

The perfluoroelastomer further contains copolymerized
units of a cure site monomer having nitrile groups. Suitable
cure site monomers include nitrile-containing fluorinated ole-
fins and nitrile-containing fluorinated vinyl ethers. Useful
nitrile-containing cure site monomers include, but are not
limited to those of the formulas shown below.

CF;—=CF—O(CF,),—CN (VD)
where n=2-12, preferably 2-6;

CFy—CF—O[CF,—CFCF;—O0],—CF,—CFCF;—

CN (V1D

where n=0-4, preferably 0-2;

CF,—CF—[OCF,CFCF;],—0—(CF,),—CN (VIID)
where x=1-2, and n=1-4; and
CF,—CF—0—(CF,),—O—CF(CF;)CN (IX)

where n=2-4.

Those of formula (VIII) are preferred. Especially preferred
cure site monomers are perfluorinated polyethers having a
nitrile group and a trifluorovinyl ether group. A most pre-
ferred cure site monomer is

CF,=—CFOCF,CF(CF3)OCF,CF,CN )

ie. perfluoro(8-cyano-5-methyl-3,6-dioxa-1-octene) or

8-CNVE.
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The perfluoroelastomers that may be employed in the
cured articles of this invention comprise copolymerized units
of 1) 15 to 60 (preferably 30 to 50) mole percent perfluoro
(alkyl vinyl ether) and ii) 0.1 to 5.0 (preferably 0.3 to 2.0)
mole percent nitrile group-containing cure site monomer. The
remaining units being tetrafluoroethylene so that the total
mole percent is 100. Most preferably the perfluoro(alkyl vinyl
ether) is perfluoro(methyl vinyl ether

Cured perfluoroelastomer articles of this invention also
contain more than 50 phr BaSO,,, preferably more than 60 phr
BaSO,, most preferably between 70 and 100 phr of BaSO,,.
By “phr” is meant parts by weight of ingredient, per hundred
parts by weight rubber, i.e. perfluoroelastomer. Large particle
size (i.e. 0.5 to 5 micron average) BaSO, is preferred. Such
BaSO, is available commercially, e.g. Blanc Fixe F and Blanc
Fixe XR-N (available from Sachtleben Chemie GmbH).

Other additives may be compounded into the perfluo-
roelastomer to optimize various physical properties. Such
additives include, stabilizers, lubricants, pigments, fillers
(e.g. mineral fillers such as silicas, alumina, aluminum sili-
cate, titanium dioxide), and processing aids typically utilized
in perfluoroelastomer compounding. Any of these additives
can be incorporated into the compositions of the present
invention, provided the additive has adequate stability for the
intended service conditions.

The BaSO,, crosslinking agent (i.e. curative), and optional
other additives are generally incorporated into the perfluo-
roelastomer by means of an internal mixer or on a rubber mill.
The resultant composition is then shaped and cured, generally
by means of heat and pressure, for example by compression
transfer or injection molding, to form the cured article of the
invention. Typically the cured articles are also post cured.

Cured articles of the present invention are useful in pro-
duction of gaskets, tubing, seals and other molded compo-
nents.

The invention is now illustrated by certain embodiments
wherein all parts and percentages are by weight unless oth-
erwise specified.

EXAMPLES

Test Methods

Physical Properties

The following physical property parameters were recorded
on K-214 O-rings; test methods are in parentheses:

T,: tensile strength, MPa (ASTM D412-92/D1414)

E,: elongation at break, % (ASTM D412-92/D1414)

M100: modulus at 100% elongation, MPa (ASTM D412-

92/D1414)

Hardness, Shore M (ASTM D412-92/D1414)

Compression Set B (ASTM D395/D1414)
Sticking Force and Oozing

A K-214 O-ring was placed between two 2"x2" stainless
steel plates and a spacer inserted so that installed compression
on the o-ring was 15% when the plates were bolted together.
This assembly was placed in a forced air oven at 310° C. for
70 hours. The assembly was then allowed to cool for at least
3 hours and the bolts removed. Sticking force was measured
in an Instron by recording the maximum force required to pull
the assembly apart. Three o-rings were used for each test.

Oozing was determined by observing the surface of tested
o-rings. A wet surface indicated oozing or surface degrada-
tion/melting.

The perfluoroelastomer (containing copolymerized units
of tetrafluoroethylene (TFE), perfluoro(methyl vinyl ether)
(PMVE) and 8-CNVE) employed in the Examples was made
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generally according to the process disclosed in U.S. Pat. No.
5,877,264. It contained 37.4 mole % copolymerized units of
perfluoro(methyl vinyl ether) (PMVE), about 0.8 mole per-
cent copolymerized units of 8-CNVE, the remainder being
copolymerized units of TFE.

Example 1

Curable compositions were made by compounding the
ingredients in a conventional manner on a 2-roll mill. The
ingredients and proportions are shown in Table 1.

Cured perfluoroelastomer articles were made by molding
the curable compositions into K-214 O-rings and then curing.
Articles of the invention contained more than 50 phr BaSO,,
(Blanc Fixe XR-HN). Comparative articles contained 50 phr
or less BaSO, (Blanc Fixe XR-HN). The curative employed
was diphenylguanidine phthalate. O-rings were press cured at
190° C. for 9-10 minutes, followed by post cure in a nitrogen
oven at 305° C. for 26 hours after a slow ramp up from room
temperature.

Physical properties of cured O-rings, sticking force and
oozing were measured according to the Test Methods. Results
are shown in Table I.

TABLE I
Comp. Comp.
Sample A Sample B Sample 1  Sample 2
Formulation, phr
Perfluoroelastomer 100 100 100 100
BasSO, 30 50 70 90
Curative' 1.1 1.1 1.1 1.1
Physical Properties
Hardness, Shore M 63 68 78 80
M100, MPa 2.4 4.14 5.67 7.05
Tb, MPa 6.58 10.72 10.64 9.99
Eb, % 189 235 231 200
Compression Set, 15 15 17 18
25%, 200° C.,
70 hours, %
Compression Set, Split Split 46 58
25%, 300° C.,
70 hours, %
Sticking Force, N 280 275 120 93
Oozing Wet Slightly Dry Slightly
wet wet

1diphenylguanidine phthalate anhydrous

What is claimed is:

1. A cured perfluoroelastomer article comprising

A) a perfluoroelastomer comprising copolymerized units

of:

1) 15 to 60 mole percent perfluoro(alkyl vinyl ether),

i) 0.1 to 5 mole percent of a cure site monomer having
nitrile groups, and

iii) the remaining copolymerized units being of tet-
rafluoroethylene so that total mole percent of i+ii+iii
is 100; and

B) greater than 60 parts by weight of BaSO,, per hundred

parts by weight perfluoroelastomer.

2. The cured perfluoroelastomer article of claim 1 compris-
ing 70 to 100 parts by weight, per hundred parts by weight
perfluoroelastomer, of BaSO,.

3. The cured perfluoroelastomer article of claim 1 wherein
said BaSQO, has an average particle size of 0.5 to 5 microns.

4. The cured perfluoroelastomer article of claim 1 wherein
the cure site monomer is selected from the group consisting
of:
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CF;=CF—O(CF,),—CN
where n=2-12, preferably 2-6;

CFy=—CF—O[CF,—CFCF;—O0],—CF,—CFCF;—
CN

where n=0-4, preferably 0-2;
CF,—CF—[OCF,CFCF;],—0—(CF,),—CN
where x=1-2, and n=1-4,
CF,—=CF—O0—(CF,),—O—CF(CF;)CN 10
where n=2-4;
CF,=—CFOCF,CF(CF;)OCF,CF,CN;
and combinations of these.
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